Historical Background
For the dichlorination product of di-rerr-butyl-2-naphthol (1) structure 2 was recently suggested [2] by IR, 'H NMR and 13C NM R measurem ents. H ow ever, the 13C NMR spectrum revealed several incon-1 2 sistencies: Thus, <3Co = 185.4 seems to be too low for an ortho-quinol system and would fit well into the region of shift-values (6 < 190) which we defined for the carbonyl carbon of para-quinol derivatives e a r lier [3, 4] . M oreover, the signal of C-3 bearing a chlorine atom would be expected around <3 = 120-130 instead of at <5 = 142.7, as reported [2] . Finally, no indication of a 3/ c ,h coupling of C -l with the ipso-tert-butyl group was noted; the signals (d, coupled with H-8) "were somewhat broad, but were not sharpened by low power single frequency d e coupling (LPSFD) on the tert-butyl protons" [2, 5] . In addition, the :H NM R spectrum should reflect the very different environment of the \-tert-bnXy\ (sp3, C -l) and of the 6-fert-butyl group (sp2, C-6) [3] . In reality, however, the two signals lie close together (Ö = 1.33, 1.36).
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The most im portant objection towards structure 2 of the dichlorination product stems from the fact that the butylation procedure of Contractor et al. [6] (also used by Calvert et al. [2] ) normally leads to 3,6-diterr-butyl-2-naphthol (3 a) instead of 1, as shown by Carnduff and Leppard [7] and indirectly by us [8] , in the latter case by means of X-ray analysis of its oxi dation product. Therefore, one would expect struc ture 4a for the dichlorination product in question. This would also correspond to the general feature of quinolides derived from 2-naphthol as well as to the chlorination of 3b, which, according to the authors [2] , indeed leads to structure 4b.
In order to solve the discrepancies discussed, we repeated the chlorination of 1/3 a and 3 b, reinvesti gated the 13C NM R spectra of the reaction products and com pared them with those of other quinol de rivatives.
Experimental

General m ethods
'H NM R spectra were taken with Bruker W H 90, 13C N M R spectra with Bruker WP 80 and WM 400 (single-frequency decoupling) spectrom eters, TMS as internal standard. IR spectra were recorded on a Perkin-Elm er 281 spectrom eter. Mass spectra were taken with the MAT-711 spectrom eter (inlet tem per ature ca. 200 °C, ionisation energy 70 eV). Melting points were obtained by using a Tottoli apparatus and are reported uncorrected for substances which were pure with respect to TLC. Solvents for crystalli zation were freshly distilled before use.
3.6-D i-tert-butyl-
1.1 -dichloro-1,2-dihydronaphthaIen-2-one (4 a) Chlorine gas was bubbled through a solution of 3.6-di-ferr-butyl-2-naphthol (3a) [6] (1.0 g, 3.9 mmol) in acetic acid (40 ml) until 3 a was completely con sumed (ca. 30 min, checked by TLC). The solution was poured into water (100 ml), the precipitate fil tered and recrystallized from petroleum ether (b. 6-tert-Butyl-
A solution of chlorine gas in CHCI3 (1 equivalent) was dropped into the stirred solution of 6-rerr-butyl-2-naphthol (3b) [6] 
Results
As reported [2] , chlorination of 3 a in acetic acid by molecular chlorine gave a dichlorination product of m. p. 112 °C (lit. [2] : 116-117 °C) in nearly quantita tive yield. According to IR , *H NM R, and 13C NMR spectra, it was identical in every respect with the compound obtained by de la Mare et al. [2, 9] . Likewise, 2 equivalents of a chlorine solution in chloroform at room tem perature/0 °C transformed 3b into 4 b , whereas an excess of chlorine gas at 0 °C in chloroform produced the tetrachloro compound 5. The !H NM R data of these compounds are presented in the experim ental part, the 13C NMR data are col lected in Tables I and II. Table I also contains the 13C NM R data obtained for an authentic sample of the l,2-dihydronaphthalen-2-one (6 ) [7] . 13C NMR spectra were not reported by de la Mare et al. [2] for 4b and 5. 
Assignment of the NMR Spectra
The lH N M R spectrum in CDC13 (90 M Hz) of the ring protons of the dichlorination product of 3 a could be easily assigned in a first order way, regard less of w hether structure 2 or 4a is correct. The underlying idea was that H-8 (Jortho) an<3 H-5 (Jmeta) should give rise to a doublet, H-7 to a doublet of doublet pattern, whereas the quinolide proton H-4 was expected to show a singlet at highest field. M oreover, the signal of H-4 can be identified by breaking its three-bond coupling to the carbonyl car bon atom C-2 by single frequency decoupling (SFD ), see below. The 'H NMR signals of the tert-butyl pro tons (<3 = 1.33 and 1.34) correspond to tert-butyl groups bound to an sp2-carbon atom, and thus are more compatible with structure 4a. Similar argu ments hold for 4b. In this case, however, the quinolide H-4 gives rise to a doublet, caused by the vicinal coupling (J = 10 Hz) with the second quinolide proton H-3. The signal of the latter (d, J = 10 Hz) is found additionally at relatively high field C -l Table I ; b single frequency decoupling, long-range couplings unresolved; c signal broadened; d single frequency decoupling of both rm -butyl group protons produced identical spectra; the first multiplicity given refers to '/ch , the second to long-range couplings; e signals overlapped with the signals of C-7 and C-8.
(6.29 ppm ). The !H NM R spectrum of 5 can be as signed without difficulty. The signal pattern of H-5, H-7 and H-8 is the same as in 4 a. The AB system of the signals of H-3/H-4 is now shifted to much higher field with simultaneous reduction of JAB. In assigning the signal to lower field (5.32) to H-4 we follow the argum ents given by de la Mare et al. [2, 10, 11] .
The structures of 4 a, b could be finally proven by 13C N M R spectroscopy (see Table I ). The signals of C -l and C-2 were assigned by their typical chemical shifts. M oreover, the C-2's show a characteristic VC-h 4 °f ca. 11 -13 Hz, giving rise to a doublet structure. The signals of C -l reveal long-range cou plings which are not very well resolved in the The assignments of the four (4 a) respectively three (4 b) quaternary sp2-carbon atoms can be achieved by m eans of long-range {C, H} couplings in the fully coupled spectrum (20.1 MHz; Table I ) and by (lowpower) single frequency decoupling (100.6 M Hz; Table II ) from the tert-butyl protons. The signal of 4a, assigned to C-4a (127.8), shows a doublet split ting (3/c-h8) in the fully coupled spectrum , w hereas the signal attributed to C-8 a (136.2) reveals a multiplet pattern. In the SFD spectrum (tert-butyl irradia tion) this multiplet clearly appears as a quadruplet, which is expected if 3/c-H4 ~ 3^c-H5 ~ 3^c-H7-M oreover, SFD (rerf-butyl) allows an unambiguous distinction between the signals of C-3 and C-6 of 4 a, C-6 absorbing at lower field (154.2, d, 3/ c_H8)-In the case of 4b, C-6 absorbs also at low field (154.2), and SFD (tert-butyl) produces again a doublet (3/c-h8)> whereas this m ethod reveals a triplet (3/c-H3.s) f°r C-4 a (126.6) and a quadruplet (3/c-H 4,5j ) for C-8 a (137.6), as expected (see Fig. 1 ). SFD (ferr-butyl) shows further coupling details also for other carbon atoms. Thus, C -l now shows a clear-cut doublet p a t tern (3JC-m ) in 4a and a triplet p attern (37c-H3.s) in 4b. Finally, the signals of the tert-butyl carbon atoms C-9/C-10 and C -ll/C -12 in 4a may be assigned by comparing them with the shift values of C-9/C-10 in 4b.
The assignment of the 13C NMR spectra of 5 and 6 was mainly achieved by means of chemical shift considerations, relative to 4a, b, and coupled spec tra; SFD experiments were not undertaken. A d e tailed discussion will not be presented in this context since both compounds were measured only for the sake of comparison with 4 a. The signals of the arom atic carbons of 5 correspond closely to those of 4 a, however, C-4 a now gives rise to a multiplet p at tern, due to coupling with H-5, H-3 and, presum ably, H-4. The aliphatic carbons C-3 and C-4 can be distinguished by their long-range couplings: C-3 is coupled to H-4 (d), C-4 to H-3 and H-5 (t). Tetralone 5 was of useful help towards the assignment of the signals of the tert-butyl group bearing carbon atoms and of the rerf-butyl group carbons themselves in the di-terf-butylated 4a. In the case of 6, the as signments are also straightforward with the sole ex ception of the signals of C-6, C-7, and C-8.
Discussion and Conclusions
The 13C NMR spectrum of the dichlorination pro duct of the di-terf-butyl-2-naphthol, prepared accord ing to the method of Contractor [6] , in combination with chemical evidence [7, 8] clearly shows that structure 2 [2] has to be deleted and structure 4 a is correct. It is then clear why the signals of C -l were not sharpened by LPSFD on the tert-butyl protons [2] : because the tert-butyl group is attached to C-3 instead of to C -l. Furtherm ore, the 'H NM R signals of both tert-butyl groups of 4 a lie close together since both groups are bound to sp2-carbon atoms. How ever, there remains still one inconsistency: 4a is an orr/jo-quinol derivative just as 2, thus, the carbonyl absorption at 185.4 demands a new interpretation.
It was first assumed that the carbonyl absorption in l,2-dihydronaphthalen-2-ones might be shifted to higher field as compared with the corresponding ab sorption in non-condensed ortho-quinol derivatives. This was the reason for including the 13C NM R data of 6 in Table I : the signal of the carbonyl carbon, however, shows the expected chemical shift (206.5). This is even true for 2,5,8,11-tetra-terf-butyl-13 c-methoxydibenzo/ö, A://xanthen-1( 13 cH)-one (201.8) [8, 12] , a more complicated 1,2-dihydro-naphthalen-2-one. Hence, the highfield shift of the signal of C-2 of 4a must be due to the substituents, either to the tert-butyl group in position 3 or to the chlorine in position 1. Comparison of 4 a with 4 b clearly reveals that the effect should be attributed to the chlorine atom. U nfortunately, the 13C NMR spectrum of compounds like 7 a has never been re ported. On the other hand, it is evident from the 13C NM R spectrum of 7b [4] (dco = 192.2) and 7c [13] ((5co = 175.6) that halogen atoms substituting the sp3-type quinol carbon atom presumably induce high field shifts of (3Co-O f course, in 7c, the other halogen atoms bound to sp2-carbon atoms will also contribute to the rem arkable high field shift observed here. The effect of those chlorine atoms, however, seems to be much smaller as can be estimated from a comparison of 8a ((3co = 199.3) with 8b (<3co = 194.0) [14] , We are currently investigating this aspect in more detail.
Finally, we should like to state that apart from ortho-quinol dichlorides no orf/zo-cyclohexadienones are so far known, whose carbonyl carbon atoms ab sorb below 190 ppm. In any case, no para-cyclohexadienones were found to absorb higher than 190 ppm, irrespective of tautom eric 2,5-cyclohexadienones [13] . Looking at c3co of a cyclohexadienone is still the simplest way to get information on its ortho or para quinolide structure.
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